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(57) Abstract: 

PROBLEM TO BE SOLVED: To detect a reception 
frequency shift in a relatively short time with high 
precision by sending a burst signal, which has fixed 
patterns of one-symbol length successively arranged at 
the head and the same fixed pattern of one- symbol 
length arranged at a distance of multiple symbols from 
the head symbol, to a receiver. 

SOLUTION: In the transmission of a transmit data series 
after error correction encoding, the whole burst Is 
interleaved with time and arranged so that receive data 
having relatively many errors up to an (n)th symbol and 
receive data having a relatively small number of errors 
after the (n)th symbol are rearranged mixedly. A 
deinterleaver 8 and an error correcting and decoding 
part 9 are so constituted as to restore the rearranged 
data. For example, the deinterleaver 8 stores a 
demodulated data series outputted from a parallel-series 
conversion part 7 over the burst and rearranges It In 
the bit order. Consequently, bit enrors are 




JP 2000-324080 A (Mitsubishi Electric Corporation), Nov. 24, 
2000, Translation of a part of description [0004] to [0020], 
[0048] to [0070] as well as Fig.l, 2, 3, 4, 5, 7, 8 and 9. 

[0004] 

By way of example, the specification of Japanese Patent 
Application Laid-Open No. 7-143097 ("OFDM Synchronous 
Demodulating Circuit") is available as literature relating to 
a transmitter and receiver that employ the above-mentioned OFDM 
scheme. Fig. 5 is a block diagram of a conventional transmitter 
in OFDM. In Fig. 5, reference numeral 100 denotes a 
transmit-data sequence and 101 a serial/parallel converter. 
Reference characters 102a, 102b, 102c represent mapping 

units. Reference numeral 103 denotes an IFFT (Inverse Fast 
Fourier Transform) unit, 104 a parallel/ serial converter and 
105 a guard- interval add-on unit. 
[0005] 

A method of generating an OFDM signal in the above 

transmitter will be described next . First , the 
transmit-data sequence 100 in the transmitter undergoes a 
serial- to-parallel conversion in the serial/parallel 
converter 101. Specifically, the sequence is converted to 
parallel data sequences for each of N (where N is an 
integer ) -number of subcarriers - Upon receiving the parallel 
data sequences, the mapping units map the data sequences of the 
individual subcarriers to signal points by a modulation scheme 
such as QPSK (Quaternary Phase Shift Keying) or 16 QAM 
(Quadrature Amplitude Modulation) . 
[0006] 

The inverse fast Fourier transform unit 103 subjects the 
signal points of the plurality of subcarriers to an inverse fast 
Fourier transform to render these signals into time-series 
signals. Upon receiving these time-series signals, the 
parallel/ serial converter 104 converts the time- series signals 
to a serial data stream. Upon receiving the serial time -series 
signal, the guard- interval add-on unit 105 reproduces part of 
the latter half of the time-series signal and places this 
portion at the beginning of the time- series signal as a guard 
interval . 
[0007] 

Fig. 6 shows an OFDM signal generated by the method 
described above. The signal downstream of the output of each 
mapping unit will be a complex baseband signal. For the sake 
of simplicity, however, the signal is expressed without being 
divided it into I and Q signals . 

Further, the complex baseband signal that is output from the 
guard -interval add-on unit 105 is orthogonally modulated by an 
orthogonal modulator or the like, and the modulated signal is 
output from the transmitter, though this circuitry is not shown. 
[0008] 

Thus, in the conventional transmitter that employs OFDM, 
the OFDM signal (OFDM symbol) is a cyclic signal obtained by 
adding on a part of the OFDM signal as a guard interval. The 
conventional receiver , therefore, which will be described later , 
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detects a frequency deviation in the receive signal by using 

this property. 

[0009] 

Fig. 7 is a block diagram of a conventional receiver in 
an OFDM system. In Fig. 7, reference numeral 110 denotes a 
receive complex -baseband signal that has been obtained by 
orthogonally demodulating a receive signal using an orthogonal 
modulator (not shown) ; 111 a frequency deviation detector; 112 
a frequency deviation compensating unit; 113 a guard- interval 
removal unit; 114 a serial/parallel converter; 115 an FFT (Fast 
Fourier Transfoirm) unit; 116a, 116b, ••• 116c demodulators ; and 
117 a parallel/ serial converter. 
[0010] 

A method of detecting the receive frequency deviation and 
a method of eliminating the detected frequency deviation in the 
above-mentioned receiver will now be described. In the 
receiver described above, the complex baseband signal 110 is 
received by the frequency deviation detector 111. The first 
step is to execute processing that will detect the frequency 
deviation of this signal. Fig. 8 is a diagram illustrating in 
detail the internal structure of the frequency deviation 
detector 111. 
[0011] 

By way of example, in Fig. 8, a 1- symbol delay circuit 
121 delays the receive complex baseband signal 110 by the time 
T of one valid OFDM symbol. A complex-conjugate calculation 
circuit 122 calculates the complex conjugate of the delayed 
receive complex baseband signal 110, and a multiplier circuit 
123 multiplies the received complex baseband signal 110 by the 
output of the complex-conjugate calculation circuit 122. A 
register 124 stores the output of the multiplier circuit 123 
over the length of the guard interval, and an adder circuit 125 
adds the outputs of the register 124 . An accumulating circuit 
126 accumulates the output of the adder circuit 125 symbol by 
symbol. An argument calculation circuit 127 extracts the 
argument from the result of accumulation by the accumulating 
circuit 126, i.e., extracts the amount of phase shift that 
occurs per sample time (T/N) , this being caused by the frequency 
deviation. 
[0012] 

The principle of frequency- deviation detection in the 
frequency deviation detector 111 will now be described. First, 
if noise and receive frequency deviation are absent, the 
following equation will hold within the guard interval: 
x{t+T) = x(t) (1) 

where 0<T<Tg holds, T represents the length of the valid OFDM 
symbol, and T^ represents the length of the guard interval. 
[0013] 

If a receive frequency deviation Af exists, however, the 

phase of the receive signal will rotate by 2 7cAfT in time T, 
and therefore the relation involving the signal within the guard 
interval will become as follows : 

x{t+T) = x(t)e^'^'^^^ (2) 
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[0014] 

Accordingly, the receive signal within the guard interval 
is delayed by the valid OFDM symbol length T and then the complex 
conjugate is used to multiply the receive signal at the tail-end 
portion of the OFDM symbol, thereby making it possible to detect 

the receive frequency deviation Af . That is. Equations (3) 
and (4) below hold. 

|x(t)|V^^^^ = x(t+T) X con3{x{t)} (3) 
Af = arg[x(t+T) x con j {x( t ) } ] /2 TT (4) 
where conjC) represents a function that takes on the complex 
conjugate within the parentheses , and arg represents a function 
that takes on the argument within the parentheses. It should 
be noted that since the actual receive signal contains noise, 
the frequency deviation is found as indicated by Equation (5) 
from a value obtained by integrating the value of Equation ( 3 ) 
within the guard interval, neunely from a complex correlation 
of the guard interval. 
[0015] 

Af - arg[ + 7^) X conj (x(t))}]/ 2jt { 5 ) 

r-O 

[0016] 

The foregoing is the principle of frequency -deviation 
detection. It should be noted that although the output of the 
adder circuit 125 is a complex correlation of the guard interval, 
the accumulating circuit 126 in the conventional frequency 
deviation detector 111 further sums this symbol by symbol to 
raise the accuracy of detection. 
[0017] 

Next, the frequency deviation compensating unit 112 in 
the receiver executes processing to eliminate the frequency 
deviation, which has been detected by the frequency deviation 
detector 111, from the complex baseband signal 110. Fig. 9 is 
a diagram illustrating in detail the internal structure of the 
frequency deviation compensating unit 112. By way of example, 
reference numeral 131 in Fig. 9 denotes an accumulating circuit 
for calculating the amount of sample -by- sample phase shift of 
the received complex baseband signal 110 by accumulating the 
amount of phase shift per sample time, i.e., per T/N, and 
reference numeral 132 denotes a phase compensating circuit for 
rotating, in the reverse direction, the argument of the complex 
baseband signal 110 by an amount equivalent to the phase that 
is output from the accumulating circuit 131. 
[0018] 

The complex baseband signal from which the frequency 
deviation has been eliminated by the frequency deviation 
compensating unit 112, which is constructed as set forth above, 
next has the guard interval removed by the guard- interval 
removal unit 113. The resultant signal is then converted to 
N-number of time-series signals by the serial/parallel 
converter 114. After the conversion, the fast Fourier 
transform unit 115 subjects the time-series signals to a fast 
Fourier transform to convert these signals to signals of 
N-number of subcarriers . 



3 



[0019] 

The demodulators 116a, 116b, • • • 116c, which perform 
demodulation subcarrier by subcarrier , demodulate the parallel 
signals of the individual subcarriers based upon a modulation 
scheme such as QPSK or 16 QAM. Finally, the parallel/serial 
converter 117 converts the demodulated data of the individual 
subcarriers to a serial time series and outputs the Scune. 
[0020] 

Thus , the receiver in a conventional OFDM system utilizes 
guard- interval correlation and accumulates the output of a 
multiplier over the length of the guard interval to reduce the 
effects of noise, thereby detecting receive frequency deviation. 
Further, since the guard interval has a length that is only a 
fraction of the length of the OFDM symbol, the accuracy of 
detection can be improved by accumulating correlation values 
symbol by symbol. 



[0048] 

By way of example, a transmitter according to the present 
invention that employs an OFDM scheme comprises the 
serial/parallel converter 101, the mapping units 102a, 102b, 
• • • , 102c, the IFFT (Inverse Fast Fourier Transform) unit 103, 
the parallel/ serial converter 104 and the guard- interval add-on 
unit 105, in a manner similar to that of the prior art described 
above . 
[0049] 

Fig. 1 illustrates the burst format of an OFDM signal 
produced by the transmitter of the present invention. The 
method of generating the OFDM signal in this transmitter will 
now be described. First, the transmit -data sequence 100 in the 
transmitter is converted to parallel data sequences for each 
of N (where N is an integer ) -niimber of subcarriers by the 
serial/parallel converter 101. Upon receiving the parallel 
data sequences, the mapping units map the data sequences of the 
individual subcarriers to signal points by a modulation scheme 
such as QPSK (Quaternary Phase Shift Keying) or 16 QAM 
(Quadrature Amplitude Modulation). 
[0050] 

The inverse fast Fourier transform unit 103 thenceforth 
subjects the signal points of the plurality of subcarriers to 
an inverse fast Fourier transform to render these signals into 
time-series signals. Upon receiving these time-series signals, 
the parallel/serial converter 104 converts the time-series 
signals to a serial data stream. Upon receiving the serial 
time-series signal, the guard- interval add-on unit 105 
reproduces part of the latter half of the time- series signal 
and places this portion at the beginning of the time- series 
signal as a guard interval. A fixed-pattern add-on unit (not 
shown) places a plurality of fixed patterns in this time- series 
signal at prescribed positions thereof. 
[0051] 

As a result, the OFDM signal transmitted by the 
transmitter of the present invention is such that two fixed 
patterns each having a length of one symbol are disposed 
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successively at the leading end of the burst signal, one 
identical fixed pattern having a length of one symbol is 
disposed at the middle of the burst, i.e. , at a position having 
a distance of n (where n is an integer) symbols from the 
leading-end symbol, and a plurality of other identical fixed 
patterns are disposed in the burst signal. 
[0052] 

The signal downstream of the output of each mapping unit 
will be a complex baseband signal. For the sake of simplicity, 
however, the signal is expressed without being divided into I 
and Q signals. Further, the complex baseband signal that is 
output from the guard- interval add-on unit 105 is orthogonally 
modulated by an orthogonal modulator or the like, and the 
modulated signal is output from the transmitter, though this 
circuitry is not shown. 
[0053] 

Next , the structure of a receiver according to the present 
invention that employs OFDM, a method of detecting receive 
frequency deviation and a method of eliminating the detected 
frequency deviation will be described in accordance with the 
drawings. It should be noted that the receiver according to 
the present invention detects receive frequency deviation using 
the properties of the OFDM signal described above. 
[0054] 

Fig. 2 is a block diagremi illustrating the structure of 
a receiver according to the present invention. In Fig. 2, 
reference numeral 10 denotes a receive complex-baseband signal 
that has been obtained by orthogonally demodulating the receive 
signal using an orthogonal modulator (not shown) ; la a frequency 
deviation detector; lb a second frequency deviation detector; 
2a a first frequency deviation compensating unit; 2b a second 
frequency deviation compensating unit; 3 a guard- interval 
removal unit; 4 a serial/parallel converter 4; 5 an FFT (Fast 
Fourier Transform) unit; 6a, 6b, 6c demodulators; 7 a 

parallel /serial converter; 8 a deint er leaver ; and 9 an error 
correcting decoder 9. The guard- interval removal unit 3, 
serial/parallel converter 4, fast Fourier transform unit 5, 
demodulators 6a, 6b, • • • 6c and parallel/ serial converter 7 are 
similar to those of the prior art set forth above and will not 
be described again. 
[0055] 

First, the first frequency deviation detector la detects 
the receive frequency deviation by calculating the correlation 
between signals spaced apart by a distance of one symbol in the 
receive complex -baseband signal 10, i.e., between the 
leading-end identical fixed patterns shown in Fig. 1, over a 
length of one symbol. 
[0056] 

The operation of the first frequency deviation detector 
la will now be described . Fig . 3 is a block diagram illustrating 
in detail the internal structure of the first frequency 
deviation detector la. Byway of example, in Fig. 3, a 1-symbol 
delay circuit 11 delays the receive complex baseband signal 10 
by the time T of one symbol. A complex- con jugate calculation 
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circuit 12 calculates the complex conjugate of the delayed 
receive complex baseband signal 10, and a multiplier circuit 
13 multiplies the received complex baseband signal 10 by the 
output of the complex-conjugate calculation circuit 12. A 
register 14 stores the output of the multiplier circuit 13 over 
the length of the one symbol, and an adder circuit 15 adds and 
correlates the outputs of the register 14. An argument 
calculation circuit 16 extracts the argument from the 
correlation values of the leading- end symbols output from the 
adder circuit 15, i.e. , extracts the amount of phase shift that 
occurs per sample time (T/N) , this being caused by the frequency 
deviation. 
[0057] 

Thus, the first frequency deviation detector la according 
to the present invention is characterized by the fact that the 
1- symbol delay circuit 11 delays the receive signal by the 
length (T) of one symbol, and by the fact that the register 14 
stores the output of the multiplier circuit 13 over the length 
(T) of one symbol and the adder circuit 15 adds and correlates 
the results of multiplication over the length (T) of one symbol. 
That is , the frequency deviation detected by the first frequency 
deviation detector la shown in Fig. 2 is found from the result 
of adding the results of multiplication over the length of one 
symbol and correlating the same. This means that the first 
frequency deviation detector la adds twice the number of items 
of data as compared with the prior art (shown in Fig. 10). 
[0058] 

Accordingly, even if the receive signal contains noise, 
the first frequency deviation detector la is capable of adding 
a large number of items of data and therefore can reduce the 
effects of such noise and raise the precision of the frequency 
deviation as well. In other words, the frequency deviation 
estimated at the leading end of the burst takes on a more accurate 
value in comparison with the frequency deviation estimated in 
the prior art . 
[0059] 

The first frequency deviation compensating unit 2a in the 
receiver according to the present invention eliminates 
frequency deviation up to the next fixed pattern, which is 
spaced n symbols away in the burst signal, using the frequency 
deviation that has been detected by the first frequency 
deviation detector la. 
[0060] 

Next, the second frequency deviation detector lb in the 
receiver calculates, over the length of one symbol, the 
correlation of the signal spaced n symbols away using the 
receive baseband signal from which frequency deviation has been 
roughly eliminated (see the operation of first frequency 
deviation compensating unit 2a described earlier) , thereby 
detecting the remaining frequency deviation of the receive 
baseband signal output by the first frequency deviation 
compensating unit 2a. 
[0061] 

The operation of the second frequency deviation detector 
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lb of the present invention will now be described. Fig. 4 is 
a diagram illustrating in detail the internal structure of the 
second frequency deviation detector lb according to the present 
invention. Components identical with those of the first 
frequency deviation detector la described earlier are 
designated by like reference characters and need not. be 
described again. In Fig. A, an n- symbol delay circuit 11a 
delays the receive complex baseband signal from the first 
frequency deviation compensating unit 2a by the time period (nT) 
of n symbols . 
[0062] 

A fixed pattern of one symbol length identical with the 
fixed pattern at the leading end has been placed at the (n+l)th 
symbol of the burst signal, namely at a position that is n symbols 
distant from the fixed pattern at the leading end. The second 
frequency deviation detector lb detects the frequency deviation 
by utilizing the correlation between the fixed pattern of the 
(n+l)th symbol of the burst signal and the fixed pattern of the 
symbol at the leading end of the burst signal. 
[0063] 

Thus, the second frequency deviation detector lb delays, 
by n symbols , the receive signal from which frequency deviation 
has been roughly eliminated by the first frequency deviation 
compensating unit 2a, thereby obtaining correlation with 
respect to the symbol (fixed pattern) spaced n symbols away from 
the symbol at the leading end and detecting the frequency 
deviation. Consequently, if the remaining receive frequency 

deviation is Af , for example, then the phase of the receive 

signal will be rotated by 2n7r AfT over time nT, which is the 
duration of n symbols. In other words, the second frequency 
deviation detector lb can detect phase rotation at n times the 
number of intervals of the first frequency deviation detector 
la and can detect frequency deviation at n times the accuracy. 
[0064] 

As a result, the second frequency deviation detector lb 
can reduce the effects of noise to 1/n in comparison with the 
first frequency deviation detector la and can, in turn, improve 
greatly the precision of frequency deviation. That is, the 
frequency deviation estimated at the middle of the burst takes 
on a more accurate value in the second frequency deviation 
detector lb. 
[0065] 

In the receiver according to the present invention, the 
second frequency deviation compensating unit 2b eliminates 
frequency deviation in the burst signal from the (n+l)th symbol 
onward using the frequency deviation detected by the second 
frequency deviation detector lb. 
[0066] 

The complex baseband signal from which the frequency 
deviation has thus been eliminated by the two frequency 
deviation compensators next has the guard interval removed by 
the guard- interval removal unit 3 . The resultant signal is then 
converted to N-number of time- series signals by the 
serial/parallel converter 4. After the conversion, the fast 
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Fourier transform unit 5 subjects the time-series signals to 
a. fast Fourier transform to convert these signals to signals 
of N-number of subcarriers. 
[0067] 

The demodulators 116a, 116b, 116c, which perform 

demodulation subcarrier by subcarrier , demodulate the parallel 
signals of the individual subcarriers based upon a modulation 
scheme such as QPSK or 16 QAM. After demodulation is performed, 
the parallel/ serial converter 117 converts the demodulated data 
of the individual subcarriers to a serial time series and 
outputs the same. 
[0068] 

In the above -described frequency -deviation detecting 
method and compensation scheme, compensation is applied based 
upon a frequency deviation of poor accuracy (i.e., one 
corresponding to the frequency deviation detected by the first 
frequency deviation detector la) detected using the leading 
symbol of the burst signal up to the nth symbol of the burst 
signal, and hence there is the possibility that the receive 
error rate will be inferior in comparison with that of the 
{n+l)th symbol onward. 
[0069] 

Accordingly, the receiving apparatus of the present 
invention is such that in a case where a transmit data sequence 
is subjected to error correction encoding and then transmitted, 
time interleaving is applied over the entire burst and the order 
of the data is rearranged so as to mix together receive data 
of comparatively large error prevailing up to the nth symbol 
and receive data of comparatively small error up to the (n+l)th 
symbol. In other words, the data is transmitted by the 
transmitter while being interleaved. 
[0070] 

The deinterleaver 8 and error correcting decoder 9 shown 
in Fig. 2 are for the purpose of executing processing to restore 
the data, which has been rearranged as described above, to its 
original form. For excunple, the deinterleaver 8 accumulates 
the demodulated data stream, which is output from the 
parallel/serial converter 7, over the burst and rearranges the 
order of (i.e., deinterleaves ) the bits. As a result, bit error, 
which otherwise might concentrate in the first half of the burst, 
is dispersed over the entirety of the burst . Further, the error 
correcting decoder 9 corrects the error dispersed by the 
deinterleaver 8. As a result, it is possible to prevent a 
decline in the accuracy of processing for decoding the error 
correction code, such decline in accuracy being caused by 
concentration of bit error. 
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A. . .1 SYMBOL 

B. . .n SYMBOLS 

C FIXED PATTERN 

D . . . DATA 
FIG- 2 

la... FIRST FREQUENCY DEVIATION DETECTOR 
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lb... SECOND FREQUENCY DEVIATION DETECTOR 

2a... FIRST FREQUENCY DEVIATION COMPENSATING UNIT 

2b... SECOND FREQUENCY DEVIATION COMPENSATING UNIT 

3 .GUARD -INTERVAL REMOVAL UNIT 

4 . . . SERIAL/PARALLEL CONVERTER 

6a. . . 6c. . .DEMODULATOR 

7 .PARALLEL /SERIAL CONVERTER 

8 . . . DEINTERLEAVER 

9... ERROR CORRECTING DECODER 

10... RECEIVE SIGNAL 

A . . . DATA 

FIG. 3 

10... RECEIVE SIGNAL 

II. . . 1-SYMBOL DELAY CIRCUIT 

12 .. .COMPLEX -CON JUGATE CALCULATION CIRCUIT 

A. ..1 SYMBOL EQUIVALENT 

B . . . FREQUENCY DEVIATION 
FIG. 4 

11a. . .n-SYMBOL DELAY CIRCUIT 

12 .. .COMPLEX- CON JUGATE CALCULATION CIRCUIT 

A. .. RECEIVE SIGNAL 

B . . . 1 SYMBOL EQUIVALENT 

C . .. FREQUENCY DEVIATION 
FIG. 5 

100. . .TRANSMIT DATA SEQUENCE 
101 .. . SERIAL/PARALLEL CONVERTER 
102a, 102b, 102c. . .MAPPING UNIT 
104 .. .PARALLEL /SERIAL CONVERTER 
105. . .GUARD -INTERVAL ADD-ON UNIT 
FIG. 7 

110. . .RECEIVE SIGNAL 

III. . .FREQUENCY DEVIATION DETECTOR 

112. . .FREQUENCY DEVIATION COMPENSATING UNIT 

113. . .GUARD -INTERVAL REMOVAL UNIT 

114. . .SERIAL/PARALLEL CONVERTER 

116a, 116b, 116c. . .DEMODULATOR 

117 .PARALLEL /SERIAL CONVERTER 

A . . . DATA 

FIG. 8 

110. . .RECEIVE SIGNAL 

121. . .1-SYMBOL DELAY CIRCUIT 

122. . .COMPLEX -CON JUGATE CALCULATION CIRCUIT 
126. .. 1-SYMBOL DELAY CIRCUIT 
A. . .EQUIVALENT TO GUARD- INTERVAL LENGTH 
FIG. 9 

A. .. RECEIVE SIGNAL 

B . .. FREQUENCY DEVIATION 
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:^^mm(^mti>xmtLxi^t. tct^^t. #gg¥7- 

1 4 30 9 7#i^ ( rOFDMISKIffiiaiHlKj ) 

05 OFDM7^«:4oCt^et*(7)ii{t^CD^^ 

3f3^?»J-C* . 1 0 1 ^itafey^Mglgp-C* 0 . 10 2 
a, 102b,-, 1 02 c^i-7-:,e>^gP'C*>0. 1 
0 3 ic:i:M'mMy - U X^^gp ( I F F T : inverse Fast 
Fourier transform) 1 0 4 ^MiS^iJ^^SP^ 

[0 005] or^c, ±iB?llfi^CC:fet:t^O F DMft^ 

dimn 1 0 0 mm^m^u i o i ccxty vtjv-*^^ 

{t. QPSK (Quaternary Phase Shift Keying) ^\ 
6 QAM (Qjadrature Amplitude Modulation) ^<D^ 

[0 00 6 ] -ecDf^. iMiSii:7-yx^a5i 0 sr- 

0:faXo/c3tiiJii^g|51 0 4-C{i. ft 6n^B$3^5iJfi-^ 

^(D^^nm^co^ik^cD-m^^mmbx. ^ou^^a 

[0 007] 06 ±fBCD:frSCC<i:0*fiSStl/cOF 

{t. mmcDfci^. m^jiz/Qm^i^^^ir^^mLXi.^^ 

X (t+T) =x ( t) 

tctcL. O^t^TcT'AO. T«WSftOFDM>->Ji< 



(3) mm 2000-3 2 4080 
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[0 0 0 8] cc?;)<fc^cc. OFDM75r^^t*ffl-rsS£* 

;U) ^(Dft-^CD-SB^;^'- FY >'^';^<^: Lr^ 

»n3n)tjIIilfi-^<i:>^j:-&o ^(Dtc^. f^^T -SE^^cDS 

10 mm.^mmiikihT^>o 

A0 0 0 9]S7«. OF DM:^^^^stt^«^O^ft 
©(DlS^S^r^KTiiOr^-So m7(fCi6\.^X. 1 10« 

n/c^m^^^•^-~;^^^'> Fft-^r^o . ' i i 1 
mm^m^x^ 0.112 umm^mmmjE^xi, d . 

1 1 3«:^'-K^>^->'N'JH^*gp-C«)«3. 1 1 4«ie 

mi\^^x$> 0.115 i^mmy- V x^^as ( f f 

T : Fast Fcxirier transform) T^O. 116a, 11 

6b. -1160 {tmmmx$> 0.117 «afeiS?rM» 

20 SR-e^^,. 

[0 0 1 0 ] _blBSft^iC:|bH^^SftiSiS^{P^ 

mm^m^ 1 1 1 (tcx^mr^mm^-:^^^> vm^ 1 

5o 08 ^ig^^fiMt^^tBsp 1 1 i(D[^s6mi^nm 

^Tnfmxh^. 

[0 0 1 1 ] /cix.«. HS^CfcC^r. 1 2 Hi^M^ 
^-NC--x/^*> Kfi^ 1 1 0^1^?aOFDMV>xK;l/^ 
30 r«^T/a:fil5S^-ti-^ 1 i^>*;uaSI51gSr'* 0 . 12 2 
{3:ilJ25*i/cS:ftffi^-^-:^/N'>KM-^l 1 OCDjg^it 

s^ttm-r ^^^^sssniKr ^ 0.123 ^^sm u 

/c»^-^-;^/N'> KM^ 1 1 0 i«^^«S:«#I18Sl 2 
2<Dtb;^^^#-r^^gL(plKT^0. 1 2 4 (^^gtlpJBS 
1 2 3(0mt)^tf- K^>^--^NVUStC^3/coriB^-r 
-SUt>;^^"C^O. 1 2 5«Ut;^X^ 1 2 4Cr)a:^j;&Iin 

gcT&flnwuissr^ 0 . 12 6 tijjnmiii^g 1 2 5 comtf 
^iy>7r<}im(>cm^r ^mwmmx$> 0 . 127 {tm» 

40 iS^<SM^c^a@Lri»:$:B^Pa (T/N) ^/cOtc^i; 

[00 12] ccx. mmmmmmm^i 1 iK:fcc:r5 
mmmmm:^.m(Dmm«,-:>(.^xnm'r^o s-r. 

CCfca^r^. «T(D ( 1 ) ^i)^fSLOsLr>^ 

(1) s 

(ommt. (2) 5S;©<fc^cc35:^. 
50 [an 



(4) 



X (t+T) =x (t) e l^'^'T 



!t$ifl2 00 0 
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3 2408 0 



(2) ^ 



(5) ^©J:5CC 



I X (t) |''e"-"^ = x (t+T) Xcon j lx(t)} (3)* 
Af = arg [x <t+T) xcon j {x(t)}]/27t (4) 

/c/cL. conj ( ) it. mim<DmMi^^^ithm ^^^)i^(DWMnK. i!f>^mrm.mmi^. 

IS«^m•r^>©■C^>^). ar g [ ] fsailrt©(ift^ 335«f)-5. 
i5BIISl=£?n-rt><D-C*5. ^c*i. IIIS(DS«<t^(C [0015] 

(3) ie©ffi*8ldL/cffl. -ftjiiDii, ij-Y-Oii'^ 

Af = a rg <t+T) Xcon j (x (t) ) Q/Zw 

(5) £ 



CO 0 1 6 ] i^MJ)mmLmmk\ii<omm-cib^, tj: 

--'^•;KDffi5g^Bra-C*S*s. j^«ltillEl?Sl 1 

i(c43t>t:»< -e-n€:36«:> iggiiiiisi 2 6(cr-» 
[ 0 0 1 7 ] o^ic, ±teg(i«-e«. mmmmmmiE 

351 1 2 AS, 1isi-<-;^/N-> h-mm 1 0*^P>MiS?®t<i 

^^mspi 1 iicxmiiiLfcmmmmMi^m*ri>mm 

*tf5. laStt. S?fiStffl^iE8IIl 1 2©|*jS|J«fi!c* 

smufcis^-<-x/oFm^i 1 0 ©s*#©ataiii 

^a*ti-S^^^gL|slSS-C*f3 . 1 3 2«, :^#liIi{S 1 

3 1 <Dm^-r^ma^fcifm^-<-::^^^> vm^ 1 1 o 

C 0 0 1 8 ] ±iB© J: ^tc1f(£Sn^.JljgiSt«M«iE 1 

4(crN<i©B$3^j«^tcafe5iKtsn^, MJiKt^. ^ 
my~V x^SP 1 1 5 t?K, -S-OBil^KB^^riSa 

- x.^Wib. f-n^ti«rN<i©-!f r^'*^ f >; t©©^{c 
C 0 0 1 9 ] * Lr. s-y-^^t^ f y r#fil!©a8a*ff 9 

mmUl 16 a. 116b. -. 1 1 6 c-e«. fci;^. 
«. QPSK-?>1 6QAM#©^ia^Si«:»-:Jt»r. stfe 

fc. 3£B:?»a5i 1 7-c«. ';T#a©ffl^ 

[ 0 0 2 0 ] Jii ±© i ^ . t£3fe©0 F D M:6^K:*si:r 

S*(ffilliS-li^)Ct{Cd;f3. ^liSjSSfiM©«lta«rtf 
FDMS^>5j<Jl'©»»©l®g3t.*>«cl.>ifcA. i^>!K 



[0 02 1 ] c©j:^^c;/3^«. /ct^ti. f'-f i-^i^;!/ 



20 -CC^ifetJ. 



xh©5tair-§fi)§!S^iBM?r^^©fig-e#tBL. -e 
©-f-f-X M^©fi-^©JSjg^{iM«rffiiEL-CSfi-r5.'i:> 

[0 02 2] -g-ct?. t:©pgii©*tmiL.r. fctA 
.'N'-;^ h©5tffl«:. Jl^s^l»fflp1^lWffl©@s>'^•^- 

>©fi-^*ies!T5:^ffi3&5ii*snri,^5o c:©:^ffi(c 

«T5SfR#RCS 9 8 -2 1 (1 9 9 8^4>g ) {c»tS3 
30 tifc. M^#^«*>«© roF DMfli^«f!l![*j<j;0'-» 
5? 5 > >fumn^\ w ^ o f d M^filiAs*) 

)S:*s. c©§Mti». Bu^LfcHT^c^-reejfc©^ 

JliS^ftdHSIfflSB 1 1 1 b=£^t^-CliI-©«fiX 
[ 0 0 2 3 ] S 1 0 ». ±iaS«^tCi6H:t-5^j^^<lM 

«^mgpi 1 1 b©p5sp«fiji*»ffl{c^-r@T?*s. ft 

te. satcriftBeu/c^fiKii^— ©^fiRccoi>r«, isi 
-©?f^«rttbr|fi?««:*B|-rS, S 1 1 C 

©$m«©^ife»(ili^iU«cffii>6n«o F DMM#* 

40 ^n-r0-e*-s. ei©OFDM:€rs:©>'N'-;^ nt#tc«. 
>'^--;:^ h©$taSCCHS^N-5f->©fi-^3!)5Sg3n-Cfc 
»). OFDM^'>!K;U©*^©g3. -rftfc^. T/2 

[002 4] cntciD, S?gi&<lM«ima5 1 1 1 b-C 
«. ^ma*-<-X.'OK^-^l lOr. 1/2 0FD 
MV^^^l'^g^fcltfBnfcfl-^OtBKI*. 1 /2 S^>4?JI' 

^*«iai-r-#^.. 5te«ciji??L/cJijgaK[(Wfelffi§i5i 1 1 
i©tBa.*.*:^««){ct » -5 <t . 1/2 ->:xd?JUji®|5IgS 
50 14 1 *4Sm(t-^«: 1 /2 (T/2 ) /TcWS 



m^a^i^.t. U i> X 1 2 4 JbSMSHSS 1 2 3 <Dtiit> 
<S:l/2i/>*JUS (T/2) Kto/c-oTiatet . mU 
IISS 1 2 5*1 1 /2 i^^jK^I/g ( T/2 ) KtofciftS 

[0 02 5]S£or. C©S<t^-C«. sr. A-;^h 

[0026] 

[0 02 7] ttc. t4*(DSft«t?«, jai«Sfe«M©^ 

[0 02 8]^^§««. ±iaK^*r)jc3tifc4>©-r* 
9 *©^{t^p)j <- c i *s-c* s^i^fr> 7- Afli^m 

[002 9] 

[si@*M£«i-refc«?)©#e] ±mLtcmmimy(:o. 

^-^jK^i/fK^i/cftaK:. 1 i'>sK;i/S©|g— H£'^•5»- 
[0 03 0] C©^BflKJ:ti«. ^{ititCT. 



(5) !|$ra2 00 0-3 2408 0 
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iBM©fB«*:*:iH«:ifii±$ #5 c i ^>r* -s. 
[003 1 ] ':>^©f6H^«:*>A>5«i^jlfi>';^f-Affli@| 
»tS«c^)or«. Se>(CBJfd@^-''>'5'->©ffitc. 'prj: 

[0 03 2] c©«i^(cj:n«. ai^-rsHS''^^-^ 

10 >©ffe{c. $ f)^:^^^;^ < t i> — :>(Dm—®^-><^->'S: 

[0033] 0^©|feBJ{C;*>35^S*^afi>'j^f Affl^ 
(l*i«c*-,-C». >'>'-;:^ hm-^i^f^tcB^ra-f^a'-U- 
20 [0034] C®^?g{Cj;titf. M-i*^^?. 

[0035] •o^p©^i3K:*i*i*ii«iaft->;5^7-Aflis 

fitSK^-oTSI. 5tSlK: 1 i^>^;l/S©@S^\-3?->*i 

•5 . mmm.mm:^tkmn>m i ©sj^»(iM«im^© 
(f^as-r s»fe©j^^©i^ 1 (om^m&^ei^ i a tc 

^ ^«^ffi#etcT«^tH3nfcs?!S»«M%i**-r€.iii© 

'mmmmm^^m im i ©si^^^iiiiif iespz accts 
m i. mien 1 ©SiStKM^Ks^^StcTK^^sn/t 

40 ;^^n)tBS>'^•^f->s•eiiM$■t±. -e©f^. -o©@ 

ttcj:»). giSM<s?iiffl^**iai-ram2©^igS(<iM 

ism 1 ©Jlift|gf«^^*#fS{{:r^*5n/c>'N--x l-M 

B5isii2©^jfigK(i:ii«^w#iat£:T*^a$nfc 
m^mwrnm^^^^irim 2 ©^j^s^dni^^^^ 

(ll2©Sa?f&flill«iESI52 btCia^) i. ^miLi>C 

[0036] C ©^?g«c<fc*i«. 1 iyly^A^^ict>tci> 
50 a^-riH:£-'<f->©tira*<!:SC«!:*S-C#Sfcef>. 
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[0037] ■o^<D^mic-^^*^^M^mmiy:^7-j^m^ 

[0 03 8} C©^Hjg{cj;ti«> ffig|-r'S@5E''^'i'-> 

[0039] '^^(ow^M<<cif^ip^immmiy:^7'^-m^ 
^m^^m. i>mi<Dmm(Dr^ >dt-'j ->'^- 8 
[0 04 0] co)^mic^tiii. mmmcxM^ifi^ib 

©&St'-^ hmO*5. -'t-:^ l-:^(*4C^f5(3tl*C<h{C 
* •) . ^ ») iIiEI?#©«#5!^(cteW 0 iriEeg*© 

©t^y h^O^©^{b^Ei5<'C<h*s-Cg?.2>„ 
[004 1 ] otr©^BJoc*»*>iSM^jS^«ll©ffliE 

:^ffic<:*)^T«. italic 1 iy>^)i^m(Dm^^<-^ ->ifi 

mmu-cms^ti. 3 etc 3feBi'»5KJu*>?.«iSi'> 

4<;Hinfc{ftg{c 1 i^^stfJi/e©!^— @S>''«^->*«ie 

g$nfc^^■-x t-m^^A;^o. 5^>'>'-i<Ji-^ 1 -» 
•5. sjffiK(Bii*tfem-r40i©x5=-^>r^<fc. i5ra/<- 



(6) #iB 2000-324080 
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X h fi-^*> 6 , mriem 3 © ;^ f - 7"fCT*&ai 3 ntc 

^a;g®is(iii*^it-^ii4©xf u-^'i. *^tyc 

[0042] C©^HJCC a:tX«, 1 S-'>J}?Jl/StC*3fc.S 
»ieS•rS@S^^•if->©♦BM* i idi-ct Sfctf), 
Se*SWiJ:b«{l/r> «IW©^S^eM3li-*C<!:*i-C 
10 t?> ^•ife^(i^©*IUli»S^:|Si±3-a-^c6*5 

t?#S<. C^atciO. sft;s?g?&m©feitH*i:beje«j^ 

©H5*j&SBI«et&S, Sit, 5t5M-»!j<il'©@S>'t5f- 
> t > $feal > p>mm->> =i<,'USin/c(4g©l^- 
B^vN-3j->t. ©t@W4<!:-2)Ci*i-Ct-S/c«6. 3 6 
K:Jtt#©K»=&ffij|(-c#. -e-nK^o-cSig^ffl^©!! 
S^:A:iiii«:ra)±3-f±-5.c<»;*>-c*.5... cntcj:*). 3e. 

[0043] -:>gf©^Bj«:^A»^,$fi^jjg|gJig^<D«riE 

20 y}mc$>-yXlt^ (frfEI^3©X7--;':7**>J:t>*H5riBI^4© 
;^ T- ■> ^'(Dm.i^'^io-ii ^ , < i — o^tj C i (c J; 

o> B^rteH^■'^•^f->«:^J^^r 3 6K:ii>i's< tfc 1 -o© 
sfib/cm-^*^6-e©j«sjs?ei^(iM^^*-r ■& c t * 

[0 044] C©^B^(Cj;tl«. 
>©(lfefc. 3 6K:^}>^c< i — 3©|^— B5c-''f^'->* 

[0045] ■or©#feB^«:*>30:.6^fiJai«?IKiS^©ffliE 

'<W^:^9^vft. H5ria3fe'^^;^^.y:?*«:-T:^ISc3n 

[0 04 6] <L(0§micJ^init. m^icX^'^ij^TLh 
€rtTO. Ctiicj;0, -'n'-x h ©Bu^tcmttj-r&pJfiH* 
& D , m<0 iTiE#^©lS^i2ia«:*iC:f SfSe^{t*Kr <• 

[0 04 7] 

50 ?3rs. ^t*j. c<omn<oBisK.j:oco>m^iiifsm$ 



n 

[0 04 8 ] /ci^tf. OFDM:^€ri?ffl-r^*:^Ba 

^§151 Oli, V? f>y§Pl 0 2 a. 10 2b. •-. 
1 0 2 c iSiftji^-y Ji^^gp < I F F T : Invers 
e Fast Fourier transform) 1 0 3 <b. ifei£5*Mg^8)J 1 

[ 0 0 4 9 ] S 1 «, ;*:^BJ(C!(P3{p5jlKit8CC-r^S 
ni)OF DM'(t■^©''^'-X h7 * -V::, h-C$)^„ Ji^ 10 

T. AiiEmimick'^i S o F D Mfi#(D^fS:firS*5JiH^ 

mtmm. muftmi^^i o i ocrN (n»^») ii© 

iLtf, QPSK (Quaternary Phase Shift Keying) 

1 6 QAM (Quadrature Amplitude Modulation) I?® 

[0050 ] MiSiS:? - Ui^gP 103^ 20 

swKofc*'- KY:^5'->'f.iu#jjng|5i 0 5t?«. -e© 
>3?-^-<;L'4L., B$,^m-^©B?K:ieg^^. c<Dmn 

[005 1] -e©^ii. *^?g©A^*^siM<t«*5it{i-r 30 

^OF DMfi-^(i, ^<1>'<-^ h ©JtsItC 1 

©@S/^•3^">*s2~»*^|^ifi^orie^3^a. 

^^■^->*iES3^^. 3^«:cn^>©ffetc, 
-^{c*j(,>ri5-©H5E>'< df- >*si«»fiiieS3 nrt* 

■5. 

c 0 0 5 2 } .y f> :/^mmjiim<ommc 

Sfc. K-(>$->'fJl/ftJl]g|51 0 5*^P>ta:tl3 
[0 0 53}o|r{C. OFDM:^X^»ffl-r4*^ig(C 

!&6?>-K:eia3n/cSjs^fi^©^*:^. ^mmicm 

*SIW-r-5C<t{CfeS. 50 
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C 0 0 5 4 ] 0 2 {*. *^?B(C*>*^S^m«©«fiS*.T^ 

Tfc©-c*^, S2k:*jc»t, \ o\s.^mmmAm.^L^ 

:^'^'> Kf3-^r*«) , 1 a 1 ©Si^^Sffl^^Ulgp-C 
«> ») > 1 b «^ 2 ©Jljfi^(iM*^til^-C* >) , 2 a «^ 

^^gpr* 0 . 5 Wil5ji7 - >; x^^SS ( F F T : Fast 
Fourier transform) "C* 9 . 6a. 6b. ••• 6 c »a 

t;-7<-e*0. 9{*^»3iTiE«#g|5-C*.5o t£is. tf- 
K-<>5f->'-!-'U^ig|53. iE^JiJ3:»a54 , ffiji7-«J 

x^iftSP5. asespea. 6b. -ec. *jj:!>'ffiia?>j 

-e©IJiBJ;S:=tBS^^, 

[ 0 0 5 5 ] *^iB{C3&>3!».s§<it8^». m I © 

1 «C^-r^§I©|iI— @^''^•^^-><^;5 ly©tHM*. 1 

[005 6] c cr. 2t:^Bj(Dii 1 (Dmmmimmm^ 

1 a©16f^%Siei-r6. ia3«. ^flBJ©^ l ©SSSEISi: 
fi^^ttJSPl a©(^g|5»^^»ffl(C7j^t-@X-*-5.o tct 
^(i. 0 3{cfcti-c, 1 1 FM^ 

1 o«: 1 '^i^j^)mfST-f&iftMm$^i> 1 s^^'-K-Fuas 

^ 1 o©a«*s«:it»-r-5it«^^is»iissr«,i3 . 
1 3 u^mvtcmm^-:^^^> h-mn i o jzmm^m 
#isiss 1 2 (Dti!,:^imn-r -s^gtiHigst:-* o , i 4 »^ 

SLllSSi 3<Dtii:fj^ 1 -»#;i-fi«:tofc-p-ciEti-r-5. u 
i^y^^fr*'?. 1 5{jus^;^$ 1 4©ai:^*JnStL/rtB 
t ■ssnfitmsr* o . 1 e «jji»aK 1 5 *»6m:/3 
Sn€>^Sl>'>^JU©tBK«t*6tB^^. -r^jrfc^^ m'<& 

^mmmmtxim^m (t/n) */c<3cc^d-s 

[0057] c © J; ^ :^mm(Dm 1 

WSB 1 a -ra. 1 '^>^^}i'jmmm 1 1 d^s^fi-^?: 1 

(T) yeWjggS-ttSCti. ^2^X^^14 

1 3©tB*^ 1 v-^^i^JUfi (T) «:*3fco-C 
nmu. JniffHSSi 5*5 1 i^>^K;U;S (T) «:t>;fcs^ 

> la 2 scth^^ 1 (ommLmmsimm 1 a {cr«^ai 
lotc^sf) iJtSLr. 2{g©a©f'-$*jjng[ur 

[0058] Se-,r . m 1 ©SjJS&«M«^ffiaJ 1 a-e 
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[ 0 0 5 9 ] ^ bt . *^W{C*>*'SS<ttit?». ^ 1 

(DmmmmmmjEni 2 am. mi osj^^itBSP 1 a 

-5 n '^>^}mtitc-:> CDHS/^• ^ - > * rcDSiglSiii 
[0 060 ] o^K. sfi^-tr-tt, »2®^5^&<sM*^ 

SUE acDifrfm^s) ?:fflt,>-C> n i^>4^;US/cWSin/c 

«5 . » 1 ©jajS[i!i;iiMffiiEai52 a «:t:m;^-r ssitffl^ 

[006 1 ] C Cr. 2|J|%?8©ll2<DJgig?^iiM«Saig|5 

fe. jtfcisHj L fc» 1 (om^mm^msi 1 a i ihj-© 
S4cc*it>r. 1 1 aitm i<ommiimmjEm2 siip 

6(Dffl^'<-X>'0 h-lB-^*n-»5j<Jl'Bfra (nT) ft: 
[0062] < n + 1 ) iy>y^)l'B. f 

;Uitnfc{4g(C«. $tSSOHS>'^•^^-><!:|l|— CDl 
<lM«img|5 1 b-Cfi, /N--Xhfi-^© {n + 1) -»^' 

[0 06 3] C(D<t5K, f^2a)mm^m^^tii^l b 

■e«. Iff 1 <DmmimmmiESii2 a-icxmi^^mma^i^ 

;U^PB^n TCDP^(C, 2 n 7t A f T/cWme-r ■&<: iCCAj: 

rufyib^ m2(o^<m.mm.m!iU\-c\t. rnio 

[0 064] cti{cj:o. m2<!>m^mm^mm\ h 
^^K.w-yxm^mm.<onm.^ 
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[0 06 5] -e-ur. ^m^ici)^i)^i>^mmv\it. m2 
+ 1) i-'>#^i'sm©i^j^ieii?:i^*r.s. 

[0066] ±IS©<fc ^ (C --3©S»»«^^iESil{cr 

;u*Kt*a*T.. ?e.cc. ii:^M»si54tcTNffl©Bi5FiK 

[0067] JE-Ur. S-y-:/** UT#(si©fl[gi«r?f ^ 
aiUaJl 16 a. 116b.-. 11 6 c-C«> Tct^ 
it, QPSK-?»1 6QAM^©^IB:)^S;tca-:Jl,»-C. M 

5>Kt3nfc-9-:/+i.'jrmfic©<t-^*«iaL. aisfg. 

a^iS^iM^gp 1 1 7 rii. 1. y Tme©ai8r- 
5??:, iS^J©7^-3f|^?iJK:^0rtil:^T-5o 
[0068] L*='L.^C*Je.. ±^©JMiK^<SM©^ttl* 
20 ;S*jJ:CX1ijE^tc*it,»-c, hM-^©n->>5j<Jl/ 

©■c, ^mm*)m*^ (n + d -».i<juaj(j^^«:tt'><-c 
[0 0 6 9 1 *c-c. *l^EIB«:*>*issfi««:4s(,*r 

>^)i'm^-c(oimmm')(D0'i.^^my'--s't. (n + 

30 1) -»*.il'B«P5©i:bl5a<JMl3©^^^Ct,>^{tf=-5? 
[0 07 0] ia2«:m;r7'-f>5»-'J-/^8*jJ:Df^0 

^><!:^c4>i'■r^^lffl4^f^ifc^^>©:^RS■r•**. fci^ 
it. f'-/ > at ->;->'■< 8 Mii^J^8B73!pe.m:^; 

0. v^-;^ l-©wi*(c*cf-r€.nJfi6tt©*'Sii"v h^O 

iTiEa-^gp 9 r-t*. 7=-^ > $ - y 8 tcT:»-tS; Lfc^ 
O^rUiE-r-S. cnK:J:«3, tr-y h^O©mitiK:<fcO^ 
^«5iTiE##©S^«ffll©iWesl^fb*Ei5<-Ct7!»s 

[0 07 1 ] ti±. *stJi©j&Sicc*it^rw, Si^ii 
M*«iai-r-5/c*©@:e>'<4f->*. :§m>'<-xh©5t 

miC2zy>^)U^LX^m-ri>J:^tiCbXi,^tci}i. C 
n(cfg6-r. fci^tf. jt't>©2'»^.»u-c^>J;<. s 

50 [0 07 2 1 Sfc. *ll»©JgSgK:4BI,»r«. *:ifeW{c 
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mm&mmiiLU i b ?rtt^-r ctvij^Ki. 3 ii^iK 

[007 3] 

[0074] -:>r©fSHj{cj;tl«, ^m-^'<^- 
[0075] o^©#6HjtcJ:tH*. ^-i^-A 

einfcT^-^f*. fciKi^^i-rMa (7'-/>f-y- 
[007 6] o^©fgHJiCj;txtf . 1 

[0077] oro^iBtcjrntf . ags-r^@^^N-^- 
[0078] -oar©^wK:<i:n«. 2Hiaecrifc'<i&5^ so 
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hHtcT'-di^, i>tlci,ir-t(iiim. ^7'-(>i'-^)- 
t CCi&: "3 , ^13 iTiEigF^©1S-&5i!:ai«:fc-l:f ^?»S^{t=£ 
P;5<-Ct*i-C#S, -r^fc^^ :g^>'^--X h:^f4:©f 
h^O^©^{t;=&E*<-c«b*s-r?*S. it^^^as^H-r 

[007 9] og^©^BjtcJ;ti«, 1 i'^^JUSOCtojfc 

^a^-r ^mm'^-5'~ xomm i c i ^^-c ^ -s fc 
*i-e#. ^^{c, ^ig^fiM©*^a«a*r^ii±? 

# JU©@S^ N- ;S! - > t « yt^JV-fy^ 
i'>!j<;l/g|*a/cfilrg©lal— H^^vN-^-^i. ©♦iM'&i 

n^f^o ■r^ig|^<iM©*fiS?:;'cifiKiS]±3it ^ c 1 1 
r^^S. c*i{c<j;»j. 3 6«:fflS©J;(,»Jljg|StfflM©^ 

[008 0 ] o^-©^Hjtc ai^-r-2.@^>'>-i?- 
«s©i«<-»^&^iiii4eiw^tii^£.s. Jzi^^mm^ 

[008 1 ] -:>#-©|6B^k: J:ti«, aifitSCcr3g-<*^^ 
i^ntcf-^i. htiCi>i:r!t&m (y'-^^^-')-- 
tT") «rtf^o c:tiK:J:»3> F-©M*fcm4'r-5nI 

m<-CtAi-Ct^. TfJit)^. §^l^^•-X h^f*©^ 
h^0^©m*P;5<?Ci*J-C*5. it»^3!5MS€r#f 

So 

[^@©m^<ci%^] 

[0 1 1 *lfe9i«:*»*>-S.^I^8|{cr^snsOF D 

[02] OF DMisi(.=i:mmri>:f^^micipipi>^m 
«©«iRS*s^-r0-c*.s. 

[S3] H 1 ©^igSiffi^«iaSP 1 a ©rtS|5«lfiK*» 

[04] mz<Dmi&mmm^tiisi^ih<DfHmtm'S:P^ 

[05] OF DM*S;{C*jW 4St*©)M(i«©«RS* 
[06] OFDM«-^*7nTar*S, 

[07] OF DM:&s;{c*iW saa5©sfi«©«(!£* 

[08] eie3t&(c4sl:t SJS2£^(gMI^Ugj:©F<3^«l^$ 
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C0 9 ] Se^tcfcl:^ •5Hjg||^<lllttiESIJOrtgW«fiS* 
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*ia ^ 1 (Dmmim^^msii, ib m2<Dmrmm 

m^mSR, 2 a ^ 1 ©JIj«m«MffliEgP. 2 b »2 

4 iSM^M^SC. 5 lSa:7-'Ji^g|5. 6 a. 6 
b. 6 c mm^. 7 afeitJlJ^^SP^ 8 r-Oi'- 
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